Background/Aims: Over the past decade, heat shock protein 90 (Hsp90) has emerged as a potential therapeutic target for cancer. However, the molecular mechanisms of downregulation Hsp90 expression in osteosarcoma are incompletely understood. To develop potential therapy targeting Heat shock protein 90B1 (Hsp90B1), we studied the roles of miR-223 in the proliferation and apoptosis of human osteosarcoma. Methods: pcDNA3.1(+)-miR-223 plasmid vectors were constructed and transfected into MG63 cells. Co-transfection of miR-223 expression vector with pMIR-Hsp90B1 (The recombined vector of pMIR-GLO TM luciferase vector containing Hsp90B1-3′UTR) led to the reduced activity of luciferase in a dual-luciferase reporter gene assay, suggesting that Hsp90B1 is a target gene of miR-223. Expression of HSP90B1 was detected by RT-PCR and western blotting analysis. Cell proliferation was determined using the MTT assay. Cell-cycle distribution and apoptosis were examined by flow cytometry. PI3K, p-Akt, Akt, mTOR, Bcl-2 and Bid were also detected by western blotting analysis. After a mouse xenograft model of human MG63 tumors was constructed, tumor growth, microvessel density and proliferation in each group was determined. Results: The pcDNA3.1(+)-miR-223 vector efficiently suppressed the expression of HSP90B1, while silencing miR-223 increased expression of Hsp90B1. Furthermore, overexpression of miR-223 results in significant inhibition of cell growth on culture plates. Moreover, cancer cells showed significant G0/G1 arrest and increased apoptosis due to gene silencing. Protein levels of PI3k, p-Akt, mTOR, and Bcl-2 were decreased, whereas Bid levels were increased. Microvessel density as assessed by CD34 levels and cell growth by PCNA levels decreased according to immunohistochemical analysis. Conclusion: Hsp90B1 is a direct target of miR-223 and miR-223 may have a tumor suppressor function in osteosarcoma through the PI3K/Akt/mTOR pathway and could be used in anticancer therapies in osteosarcoma.
Introduction
Aside from hematopoietic malignancy, osteosarcoma is the most common primary malignant tumor of bone and can occur in all age groups [1] . Nonetheless, osteosarcoma has a bimodal age distribution, usually occurring in patients between 10 years and 25 years of age (75%) and in those over the age of 40 years [2, 3] . Effective methods to detect and treat osteosarcoma are lacking: these are extremely important unmet needs that must be addressed.
Heat shock protein 90 (Hsp90) accounts for 1-2% of protein in a normal, unstressed cell [4] . If cells become stressed, the level of Hsp90 increases. Unsurprisingly, cancer cells typically have elevated levels of Hsp90, accounting for 3-5% of all the protein in these cells [5] . However, in many human tumor cells, by inhibiting apoptosis and promoting the proliferation of cancer cells, HSP90 facilitates the survival and growth of cancer cells [6] [7] [8] . The specific expression of HSP90 when acting as an anti-apoptotic chaperone protein is commonly higher in cancer cells, including prostate cancer [9] , leukemia [10] , and lung cancer [11] . HSP90B1 is a member of the HSP90 family of genes. In mammals HSP90B1 protein is also known as glucose-regulated protein 94 (Grp94), which is a homologue of cytosolic HSP90 found exclusively in the endoplasmic reticulum [12] . As glucose deprivation [13] , hypoxia [14] and acidosis [15] are hallmarks of solid tumor microenvironments, therefore, overexpression of HSP90B1 in these conditions indicates its possible role as a cancer-related protein.
As a mechanism for the regulation of gene expression, microRNAs (miRNAs) have been paid much attention recently. MiRNAs are a class of small, noncoding RNAs that negatively regulate gene expression by binding to target mRNAs [16] . In osteosaroma, several miRNAs including miR-29b, miR-451, miR-376 and miR-199a-3p are down-regulated [17] [18] [19] , whereas miR-21, miR181a/b, and miR-150 are up-regulated [18, 20, 21] . TargetScan (http:// www.targetscan.org) was conducted to predict that Hsp90B1 is a target of miR-223 which is abnormally upregulated in several types of cancers, such as ovarian cancer [22] , bladder cancer [16] and colorectal cancer [23] . Whereas, miR-223 has been identified as a downregulated miRNA in osteosaroma [18] .
Hsp90 has been implicated as an oncogenic agent, but little is known about the exact function of Hsp90B1 as a target of miR-223 in the growth and progression of osteosarcoma. In the present study, we investigated whether Hsp90B1 functions as an oncogene in osteosarcoma by overexpression of miR-223. Our findings confirmed that downregulation of Hsp90B1 inhibits tumor growth in vitro and in vivo. Furthermore, our data showed that Hsp90B1 has an important role in the proliferation and apoptosis of osteosarcoma cells which is mediated by the PI3K/Akt/mTOR pathway.
Materials and Methods

Plasmid construction
The eukaryotic expression vector pcDNA3.1(+) (Invitrogen) was used to construct the miR-223 expression plasmid. The miR-223 genomic sequence was amplified by PCR from HEK293 cells (purchased from the Cell Bank of Chinese Academy of Sciences, Shanghai, China). PCR primers for miR-223 were as follows: sense: 5'-TGG ATC CGT GTC ACT CGG GCT TTA CCT G -3' and antisense: 5'-CGA ATT CGT AGA CAC AGC CCA GGG CTG T -3'. The PCR products were digested by EcoR I and BamH I and subcloned into the pcDNA3.1(+) vector. The construct was verified by DNA sequencing.
Culture and transfection of MG63 cells
The human osteosarcoma cell line MG63 was maintained in RPMI 1640 (Pleasanton, CA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco), 100 units/mL penicillin G, and 100 μg/mL streptomycin (Gibco) at 37°C in an atmosphere of 5% CO 2 . MG63 cells were seeded in six-well plates with 3×10 4 cells per well 1 day before transfection. When cells were at 70-80% confluence, miR-223 expression 
Luciferase reporter assay
The full length 3'UTR of Hsp90B1 was amplified from a human cDNA library, we used 5'-CAA CGC TTC GGT CAG GGT AT -3' as the upstream primer and 5'-AGG GGG CAT CCA AAA CAA GT -3' as the downstream primer, the amplified product (342 bp) was subcloned into the pMIR-GLO TM luciferase vector (pMIR, Invitrogen) downstream of the firefly luciferase coding region. The recombined vector was named pMIRHsp90B1. Mutations of miR-223 binding sites were introduced by site-directed mutagenesis from AACUGAC to UUGACUG. The resulting vector was called pMIR-Hsp90B1-Mut.
Luciferase assays were conducted using 1×10 5 HEK293 cells plated on a 96-well plate. Co-transfection was performed using 2 ng pMIR-Hsp90B1, pMIR-Hsp90B1-Mut or pMIR-GLO™ empty vector and either 80 ng miRNA expression vector or pcDNA3.1(+) empty vector. 24 hours after transfection, the cells were harvested and the protein was extracted for both firefly and renilla luciferase assay using the dual-luciferase glow assay (Promega, Madison, WI). All transfection experiments were conducted in triplicate.
Reverse transcription-polymerase chain reaction (RT-PCR)
Total cellular RNAs were extracted from MG63 cells using Trizol TM reagent (Invitrogen) according to manufacturer's protocols. The first-strand cDNA was generated by reverse transcription with random hexamer primers and a Superscript RT kit (Invitrogen). Equal amounts of RNAs (3 μg) were used as templates in each reaction. Quantitative RT-PCR was done with an ABI Prism 7900 Sequence Detection System (PE Applied Biosystems, Foster City, CA, USA). For analysis of Hsp90B1 mRNA levels, we used 5'-GAG ATC AAA GAC TAC AGT CCC-3' as the upstream primer and 5'-GTT CGT GCT CAT ACT TGG TC-3' as the downstream primer, as well as 5'-GGC GGC ACC ACC ATG TAC CCT-3' and 5'-AGG GGC CGG ACT CGT CAT ACT-3' for β-actin. The PCR reaction for β-actin and HSP90B1 was determined as 25 cycles, and each cycle was undertaken at 93°C for 30 s, 52°C for 30 s and 71°C for 40 s. The relative expression of HSP90B1 mRNA was calculated using the 2 -DDCt method, using β-actin mRNA expression level for normalization. All experiments were repeated at least three times.
Western blotting analysis
Cells were lysed with RIPA lysis buffer. Proteins were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Bedford, MA, USA). Blots were blocked and then probed with antibodies against Hsp90B1 (1:500 dilution; Santa Cruz Biotechnology, Santa Cruz, CA, USA), PI3K(AKT) (1:1,000; Santa Cruz Biotechnology), phospho-AKT (Ser473; 1:400; Santa Cruz Biotechnology), AKT (1:1,000; Santa Cruz Biotechnology), mTOR (1:500; Cell Signaling Technology, Beverly, MA, USA), USA), Bid (1:500; Cell Signaling Technology), Bcl-2 (1:500 dilution; Cell Signaling Technology) and mouse anti-β-actin, (1:5,000; Santa Cruz Biotechnology). After washing, blots were incubated with horseradish peroxidase-conjugated secondary antibodies and visualized by super ECL detection reagent (Amersham Biosciences, Piscataway, NJ, USA).
Flow cytometry
Parental MG63 (mock), pcDNA3.1(+) empty vector, and pcDNA3.1(+)-miR-223 groups were harvested by trypsinization and centrifugation, washed twice with cold phosphate-buffered saline (PBS), and fixed with cold 75% ethanol at 4°C overnight. Fixed cells were collected, washed twice with PBS, and suspended in PBS containing 10 μg/mL propidium iodide (Sigma-Aldrich, St Louis, MO, USA) and 100 μg/mL RNase A. They were then incubated at 4°C for ≥30 min in the absence of light to eliminate intracellular RNA. Cell-cycle distribution was determined using a flow cytometer.
Cell proliferation assay
Proliferation of parental cells and stable subline cells was determined using the 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. MG63 cells were seeded in 96-well culture plates in culture medium at an optimal density of 7×10 3 cells per well in triplicate wells. Proliferation was analyzed according to the mean value of absorbance. Twenty microliters of 5 mg/mL MTT substrate was added at 
Detection of apoptosis by flow cytometry
Parental cells and stable subline cells were trypsinized, collected, washed and then stained with annexin V-fluorescein isothiocyanate (FITC; BD Pharmingen, Franklin Lakes, NJ, USA) and propidium iodide (PI; Sigma-Aldrich) for 10 min at 4°C according to a standard protocol from BD Pharmingen. Apoptotic cells were identified by flow cytometric analysis (FACScan; Becton-Dickinson, Franklin Lakes, NJ, USA).
Mouse xenograft model of human MG63 tumors
Immunohistochemistry Mouse xenograft tumor tissues were harvested at the end of treatment and fixed in 10% neutralbuffered formalin, processed in paraffin, and sectioned at 5 μm. Tissue sections were then subjected to immunohistochemical staining with antibodies against proliferating cell nuclear antigen (PCNA) and microvessel density (CD34) according to the avidin-biotin complex (ABC) procedure provided by the manufacturer (Vector Laboratories, Burlingame, CA, USA). The areas of positive and negative staining and the number of vessels per unit area (mm 2 ) were determined using Image-Pro Plus 5.1 software (Media Cybernetics, Silver Spring, MD, USA).
Statistical analyses
Results are the mean ± SD. Data were treated by the Student's t-test to determine statistical significance, except for tumor growth data, for which we anticipated a non-normal distribution, and used non-parametric tests (Mann-Whitney test). P<0.05 was considered significant. Statistical analyses were undertaken using SPSS ver12.0 software (SPSS, Chicago, IL, USA).
Results
MiR-223 interacts with the Hsp90B1 3′UTR and regulates Hsp90B1 protein expression
TargetScan (http://www.targetscan.org) was conducted for miR-223 target prediction. As a result, a binding site of miR-223 was predicted in the 3′UTR of the HSP90B1 mRNA (Fig. 1A) . To confirm the specific regulation of Hsp90B1 by miR-223, HEK293 cells were used for the reporter assay. The miR-223 expression vector pcDNA3.1(+)-miR-223 reduced the firefly luciferase activity (Fig. 1B-a) . Subsequently, transfections were carried out in HEK293 cells with pMIR-Hsp90B1 and pcDNA3.1(+)-miR-223 or pMIR-Hsp90B1-Mut and pcDNA3.1(+)-miR-223. Mutation of the binding site abolished the ability of miR-223 to inhibit the expression of the luciferase reporter (Fig. 1B-b) .
To determine whether miR-223 had a functional role in regulating HSP90B1 gene expression, we created a pcDNA3.1(+)-miR-223 plasmid vector for long-term expression of miR-223 in cells. MG63 cells were transfected with the pcDNA3.1(+)-miR-223. Cells transfected with the empty vector pcDNA3.1(+) were as control. Stable clones were obtained successfully. Overexpression of miR-223 dramatically reduced HSP90B1 expression at both mRNA and protein levels ( Fig. 1C and D) , while miR-223 silencing by using a miR-223 inhibitor resulted in an increase of Hsp90B1 at protein level (Fig. 1E ).
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Effect of miR-223 on cell proliferation
Cell proliferation was monitored and analyzed by the MTT assay for 5 days after MG63 cells were stably transfected in mock, pcDNA3.1(+) empty vector and pcDNA3.1(+)-miR-223 groups. Relative cell proliferation in mock and pcDNA3.1(+) empty vector group was gradually increased from 24 h (0.49±0.06 and 0.47±0.05) to 120 h (1.71±0.11 and 1.67±0.13) in a time-dependent manner, but remained unchanged in cells transfected with pcDNA3.1(+)-miR-223 from 24 h (0.49±0.07) to 120 h (1.08±0.11). Statistical analyses showed that the plasmid pcDNA3.1(+)-miR-223 could have significant inhibitive effects on the proliferation of MG63 cells compared with the mock control group (P<0.001) and empty vector control group (P<0.001). However, the empty vector control group had no significant inhibitive effects on cell proliferation compared with the mock control group (P>0.05, Fig.  2A ).
Effect of miR-223 on cell-cycle distribution and apoptosis
To investigate the effects of miR-223 on the cell cycle, G0/G1, G2/M and S phase cells were detected by flow cytometric analysis. MG63 cells were stably transfected with mock, empty vector control and pcDNA3.1(+)-miR-223 groups, and cell proliferation were detected by flow cytometry. In comparison with the mock and vector control groups, the pcDNA3.1(+)-miR-223 group showed cell accumulation in the G0/G1 phase and reduction in the phases of S and G2/M. The total S phase plus G2 phase fraction was less than mock 
Effect of miR-223 on the growth of human osteosarcoma cells in vivo
To examine the effect of miR-223 on tumor growth in vivo, we established xenografts in nude mice with parental MG63 cells and the subline. Tumor size was monitored every 3 days with a caliper. Tumor growth of the xenografts derived from vector control cells was similar with that in the mock group. However, the tumor volume in the mock and empty vector control groups was markedly increased 12 days after the inoculation of tumor cells 
Discussion
In 1962, Ritossa et al. [24, 25] noticed a different "puffing" pattern of Drosophila chromosomes in response to a sudden increase in incubator temperature, and thereby identified HSPs. Products of HSP genes are, in general, classified according to their molecular weight, for example, HSP110, HSP90, HSP70, HSP60, and a family of small HSPs (HSP27). Among these investigational options, the molecular chaperone HSP90 seems to be one of the most attractive targets for the design and development of drugs [26] [27] [28] . Some HSPs in osteosarcoma have been studied. According to Uozaki et al., the overexpressions of HSP27, HSP60, and HSP70 are significantly related to a poor prognosis, and that HSP27 has the strongest negative prognostic value for conventional osteosarcoma. HSP90 is strongly expressed in most cases of conventional osteosarcoma (88.5%), but not in low-grade central osteosarcoma [29] .
Recently, emerging evidence has implicated miRNAs in the proliferation and apoptosis of human cancer cells. MiR-223 was found to be down-regulated in osteosarcoma tissues compared with normal tissues. To verify whether Hsp90B1 expression is regulated by miR-223, the pcDNA3.1(+)-miR-223 vector was transfected into MG63 cells. Results from RT-PCR and western blotting demonstrated that HSP90B1 mRNA and protein expression were markedly downregulated by overexpression of miR-223, and subsequently resulted in a decrease in cell viability, cell cycle, and increase in apoptosis in vitro compared with the mock and empty vector control groups. These findings suggested that miR-223 targeting Hsp90B1 showed anti-proliferation and pro-apoptotic functions. In addition, MG63 cells transfected with pcDNA3.1(+)-miR-223 vectors grew slowly in vivo in nude mice as compared with the mock and empty vector control groups. H&E-stained sections indicated that there were several necrotic areas and karyopyknosis was displayed. Immunohistochemical analyses showed that the staining intensities for PCNA and CD34 were lower than those of mock and empty vector control groups.
Phosphatidylinositol 3-kinases (PI3Ks) are divided into four classes: IA, IB, II and III. They are important kinases regulating the survival, proliferation and differentiation of cells [30] [31] [32] . Wu et al. [33] found that inhibition of the PI3K/AKT pathway after BMI-1 knockdown played a part in the sensitivity of SAOS-2 cells to cisplatin treatment. Cumulative evidences suggest that abnormal activation of the PI3K/Akt/mTOR signaling pathway occurs frequently in human malignancies [34] [35] [36] .
Activation of the PI3K/AKT pathway enhances resistance to apoptosis in a wide variety of cancers [37, 38] . In the present study, inhibition of the PI3K/AKT/mTOR pathway after overexpression of miR-223 was found to play a part in the sensitivity of MG-63 cells. Although the mechanism of apoptosis appears to be related to the PI3K/AKT pathway, how the PI3K/AKT pathway is regulated remains unclear. One possible mechanism is that reduced expression of HSP90B1 after miR-223 overexpression inhibits Akt-Hsp90 binding, and then leads to the dephosphorylation and inactivation of Akt and as a result [39] , the PI3K/AKT Li/Cai/Fu/Chen/Sun/Cai/Cheng: Heat Shock Protein 90B1 and microRNA-223 in Osteosarcoma Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry pathway is blocked. In addition, the present study showed a reduced PI3K protein level after miR-223 overexpression, which may be a possible mechanism of how miR-223 inhibits AKT signaling. Third, the ratio of the level of anti-apoptotic to pro-apoptotic proteins is important for the determinination of the extent of apoptosis and survival of cells. We found decreased levels of BCL-2 and Bid accumulation in pcDNA3.1(+)-miR-223 cells, suggesting that miR-223 may regulate the ratio of BCL-2 to Bid in MG63 cells by the PI3K/AKT/mTOR pathway. In summary, the present study demonstrated that miR-223 targeting HSP90B1 could specifically mediate HSP90B1 gene silencing. This effect could inhibit the growth and promote the apoptosis of the osteosarcoma cell line MG63 in vitro and in vivo. A combination of chemotherapy and down-regulation of HSP90B1 by overexpression of miR-223 could be a therapeutic strategy for osteosarcoma.
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